Introduction
Rheumatoid arthritis (RA) is a chronic progressive autoimmune disease associated with gradual destruction of bone and articular structures and loss of function and sometimes requires joint replacements, all of which can result in significantly reduced quality of life and premature death. RA affects 0.7% to 1.0% of the adult population [1] [2] [3] , and it represents a substantial cost to both public health insurance and societal resources, making it a significant economic issue [4] [5] [6] .
The results of international pharmacoeconomic studies suggest that functional impairment measured by the Health Assessment Questionnaire (HAQ) is an important predictor of direct costs (health care-related or medical) as well as indirect costs (related to loss of work productivity) [7] [8] [9] .
The HAQ is a specific questionnaire or instrument used to measure the quality of life of patients with RA that is straightforward and easy to complete. Therefore, the HAQ is one of the most widely used questionnaires for patients with RA [10] . For the purpose of this study, we used the Czech version of the HAQ, which was validated in 2010 [11] .
In contrast to Western European countries, there have been few published studies in central and eastern European countries describing costs (direct and productivity) in relation to patient functional impairment and disease status (severity) for the diagnosis of RA [12, 13] . These cost studies are crucial for understanding the burden of the disease, which should be of particular importance to policymakers, and simultaneously offer the presteps for cost-effectiveness modeling of RA, which are usually based on health states relative to disease severity/functional impairment (i.e., HAQ states).
Methods
We performed a bottom-up cross-sectional cost-of-illness study [14] retrospectively reviewing individual medical records of patients undergoing treatment for RA at the center for treatment of rheumatic diseases in the Czech Republic (Institute of Rheumatology, Prague, which is the biggest and the most specialized center for the treatment of RA in the Czech Republic). Patients consecutively coming for regularly scheduled outpatient visits in turn of the year 2012 and 2013 were evaluated. According to the study protocol, 50 patients (Ϯ10) in each of five HAQ categories were intended to be included, summing up to approximately 250 patients in the whole study.
Demographic data (including the date when RA was first diagnosed, employment status, and work disability) and clinical and patient-reported outcomes were reported by participating physicians. Functional impairment (HAQ scores) data were obtained from patients after completing the HAQ, representing time 0 month of the study. These data were gathered at time 0 month (i.e., time of data collection) together with data for all resources used during the previous 6 or 12 months (the 12-month period refers to biologic treatment only). All resources used and cost data were annualized. Hence, the value of patients' HAQ score was attributed to health and productivity resources and costs of the previous year. Patients were divided into five categories on the basis of HAQ scores measured at time 0 month: 1) o0.6, 2) 0.6 Z 1.1, 3) 1.1 Z 1.6, 4) 1.6 Z 2.1, and 5) Z2.1.
For the data recording, we used an online electronic case report form to ensure availability of all data required.
Resource Utilization and Use
The direct cost analysis was based on records of all resources drawn upon from the public health insurance fund for a particular patient. Only resources directly related to RA were recorded; for example, only medicines and outpatient and inpatient visits directly related to the diagnosis of RA were considered to be relevant for our study. The decision of which resources to include/exclude related to RA was taken by the attending physicians, that is, staff rheumatologists at the clinic.
We also recorded resources use (health care utilization) of treatment. Detailed data for each of several drug groups (antitumor necrosis factors, other biologics, disease-modifying antirheumatic drugs, corticosteroids, nonsteroidal anti-inflammatory drugs, etc.), including dosing, treatment pattern, and duration of therapy, were registered; the data also included all changes in treatment. The recall period for all medicines was 12 months to prevent a possible bias that can happen with shorter recall periods, which cannot capture medication changes or discontinuation or changes in dosing schemes.
Apart from medicines, other recorded resources were outpatient visits related to RA (such as the number of office visits), physical therapy, imaging techniques (X-ray, magnetic resonance imaging, sonography, etc.), surgery and inpatient hospital stays related to RA, and spa procedures. Except for spa procedures, all mentioned health care data were obtained with a recall period of 6 months; spa procedures had a recall period of 12 months. Items that were recorded for the previous 6 months were multiplied by 2 (annualized).
Cost Valuation
Costs were calculated for a full year in Czech crowns (CZK) and then adjusted for inflation using the Eurostat's Harmonised Index of Consumer Prices to obtain costs in 2013 CZK. Costs were then converted to the euro using the mean exchange rate for 2013 Only resources and costs reimbursed from public insurance were relevant; patient co-payments and out-of-pocket expenses were not included in the study.
Productivity Costs
With regard to the indirect costs of RA, we focused on productivity costs (i.e., costs associated with lost productivity). We used the friction cost approach [15] , which is recommended by the Czech Pharmacoeconomic Association [16] . This method assumes that patients-both with disabilities and prematurely deceased-will be replaced in their job positions. Work productivity loss is then calculated as the maximum time necessary to recover full work productivity for a given job position. This time is referred to as the friction period, and costs to society are assumed to be equal to zero after this period ends. The friction period also includes the time necessary for training or initiating a new worker [16] [17] [18] .
The duration of the friction period varies widely in the published literature. The duration often fails to reflect the local characteristics of health care and social systems and rarely takes the unemployment rate into consideration [15] [16] [17] 19] . In particular, frictional unemployment should be of great interest.
We used a friction period of 6 months, that is, 130 workdays, which was based on recommendations of the Czech Pharmacoeconomic Association [16] . The costs related to work productivity loss were accordingly calculated using this period as the maximum time. We used the mean gross salary in the Czech Republic for 2013 as the denominator in our calculations [20] , which we converted to euros (€45.4 per workday).
The calculation of productivity costs included patients of productive or potentially productive age (18-64 years). Unemployed patients, retired pensioners, and students were not included. We included days spent on sick leave (up to a maximum equal to the friction period) and the period of time spent on full disability pension or partial disability pension (again, up to a maximum equal to the friction period). The information about the productivity impairment was obtained by physicians on the basis of their inquiry with patients at time 0 month, simultaneously with the HAQ score determination. Patients were questioned in terms of work/employment status, disability, and number of days on sick leave in the previous 6 months.
The definition of "patient disability pension" was derived from Czech law (Amendment of the Act no. 306/2008, Coll. of Acts, on pension insurance). Full disability pension was defined as work productivity reduced by 70% and partial disability pension as work productivity reduced by 52%.
Statistical Analysis
Descriptive statistics are presented as means Ϯ standard deviations, and medians. The differences between groups were tested by using the nonparametric Mann-Whitney test (two groups' nominal data), the chi-square test (proportions of patients in groups), and the Kruskal-Wallis test (more than two groups' nominal data comparison). Test results were considered statistically significant at P r 0.05. Potential predictors of both direct and overall costs were assessed by linear regression analyses on logtransformed costs. The logarithmic transformation for costs was
selected because of skewed cost data; moreover, age revealed nonlinear shape (reverse U-shape) and that is why we also included squared age (age 2 ), which allows more precise assessment of costs in relation to age. Statistical analyses were performed using the STATA 11.2 package (StataCorp, College Station, TX).
Results

Demography, Employment Status, and Clinical Parameters
Data were collected from consecutive patients coming for regular outpatient visits to generate approximately the same size of groups ($50 patients) according to their HAQ score. Altogether, 261 patients were included in the analysis. Table 1 presents the demographic characteristics of a sample for the whole cohort of patients, for the subgroup of patients treated with biologics, and for the subgroup without biologics (plus the comparison between the two groups). Mean patient age was 56.4 years. Most patients had a long history of the disease-the mean RA duration was 14.5 years. The cohort had 84% women. The mean value of the HAQ score and the RA Disease Activity Score in 28 joints, for the studied population, was 1.15 and 3.45, respectively. A total of 29.9% of the patients were fully employed and 33.3% were already receiving old-age pensions (some of these patients were disabled before retirement). A total of 22.2% of the patients younger than 64 years were already receiving a full disability pension and 21.8% were receiving a partial disability pension.
Overall, 52.5% of the patients were treated with biologic agents. Patients treated with biological drugs were younger (P ¼ 0.005) and, at the same time, more disabled in terms of full disability (P ¼ 0.005). Moreover, they had slightly longer disease durations (P ¼ 0.065) and a higher proportion were students (P ¼ 0.034). Table 2 presents all the characteristics of the sample grouped by the HAQ score: 1) o0.6, 2) 0.6 Z 1.1, 3) 1.1 Z 1.6, 4) 1.6 Z 2.1, and 5) Z2.1. Each group of patients had a significantly higher mean Disease Activity Score in 28 joints (ranging from 2.64 to 4.41) and longer times since diagnosis (ranging from 15.1 to 22.9 years), with P o 0.001 for both; age was not statistically different among groups and neither was the proportion of women. Fewer ¶ Other means densitometry, CT, arthrography of the knee. # Only for patients younger than 64 y.
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people were employed among those with higher HAQ scores (P o 0.001). This was driven by two factors: 1) by increasing severity of disease and its disabling nature and 2) by increasing age, as patients drew closer to the natural retirement age. Table 3 presents a detailed description of use of all health resources (resource consumption) for each of the HAQ groups, representing annualized data (12 months). In addition, we provide unit costs for some of the most frequently items used in the calculations (apart from drugs) (see Table 4 ). With increasing disease severity (defined by increasing HAQ scores), there was clearly a higher probability of RA-associated hospital stays; for example, 40% of the patients with HAQ scores of 2.1 or more were hospitalized, on average, 2.44 times with an average stay of 33.8 days. Patients visited the rheumatologist, on average, about 2.5 times per year. Outpatient visits to other specialists (apart from rheumatologists, e.g., cardiologist, ophthalmologist, etc.) were seen in greatest numbers (on average 3.7 times per year) for patients with HAQ scores of 2.1 or more. Also, X-rays were most often associated with patients with HAQ scores of 2.1 or more.
Health Resource Use and Direct Medical Costs
Annual costs per patient for particular HAQ groups are also presented in Table 3 . From the total sum of direct costs, expenditures for drugs represent the greatest amount, except for the HAQ group of the most severe patients for whom the greatest driver of costs was RA-associated hospital stays (representing 26% of all direct costs). Overall, drug expenditures did not differ significantly among HAQ score groups (P ¼ 0.383).
The costs associated with biological therapy (biologic agents) represented 88% to 94% of the total mean costs for drugs per patient per year; in terms of the total direct costs, biological therapy represented 49% to 83%. Yet, the cost of biological therapy does not differ among groups (P ¼ 0.086). However, we can see that the costs of corticoids, nonsteroidal antiinflammatory drugs, RA-associated hospital stays, X-rays, full disability pensions, and partial disability pensions were statistically different among HAQ groups.
We also provided an analysis of a subgroup of patients without consumption of biologic agents. Table 5 presents a direct cost analysis of these patients. Total direct costs for these patients were substantially lower than for the whole patient cohort mainly because of the extremely low costs for drugs, which represented 50%, 40%, 34%, 37%, and 15% of total direct costs, respectively, for each HAQ group: 1) o0.6, 2) 0.6 Z 1.1, 3) 1.1 Z 1.6, 4) 1.6 Z 2.1, 5) Z2.1. There was no difference in the average cost for pharmacotherapy associated with increasing HAQ scores (P ¼ 0.63); however, there was a rapid increase in costs for hospital stays associated with RA (P ¼ 0.000) and X-rays (P ¼ 0.004). For patients with HAQ scores of 2.1 or more, RAassociated hospital stays represented almost 26% of the total direct cost of the group. There was a mild increase in total direct costs with increasing HAQ score, with an extreme jump in these costs for patients with HAQ scores of 2.1 or more (nonetheless, the groups' costs still differed significantly; P ¼ 0.001). Table 3 presents productivity impairment and productivity costs for each HAQ group. The number of days on sick leave (short-term 
Productivity Impairment and Productivity Costs
V A L U E I N H E A L T H R E G I O N A L I S S U E S 4 C (
absenteeism due to hospital stays, relapses, other problems leading to absence from paid work) was relatively small and trended downward with higher HAQ scores. This phenomenon can be accounted for by the difference in working status associated with higher HAQ scores; that is, patients with HAQ scores of more than 2.1 had zero days of sick leave because none was fully employed. The proportion of those receiving a disability pension increased with higher HAQ scores. Overall, there were 58 (22.2%) patients on a full disability pension (aged 64 years or younger) and 57 patients (21.8%) were on a partial disability pension (aged 64 years or younger); more details are presented in Tables 1, 2 , and 3. At the same time, it was possible to show that patients from our study groups were more than five times more likely to be disabled (5.4 times) compared with the general population (aged 20-64 years) in the Czech Republic [21] . Total mean productivity costs per patient increased with increasing HAQ scores (P o 0.001).
Overall Costs
The last row of Table 3 provides the total costs by HAQ group; the costs, as expected, increased with the HAQ score and were statistically different (P ¼ 0.014). Table 6 presents the total mean annual cost per patient with RA that had to be covered by health care payers (i.e., direct costs) and the cost related to work productivity loss (i.e., productivity costs). In addition, we compared the cost of patients with and without biological treatment; as expected, direct, productivity, and total costs were significantly higher (P o 0.001) in patients with biological treatment of RA. Figure 1 shows the overall and breakdown mean annual costs per patient according to functional impairment.
Cost Predictors
To determine cost predictors (only direct and total costs because productivity costs were equal to zero in 135 of 261 cases), we performed a linear regression analysis using log-transformed costs as the dependent variable. HAQ, time from diagnosis, age and age 2 , sex, and an indicator of biologic treatment were used as independent variables. The results in Table 7 present that the HAQ score (P o 0.001), age 2 (P ¼ 0.013), biological treatment (P o 0.001), and years since diagnosis (P ¼ 0.001) were significant predictors of overall costs. Interestingly, costs increased with age but from the age of 67.8 years costs started to decrease; that is, costs exhibited a reverse U shape and for this reason we included age 2 as a potential predictor. When analyzing direct costs, HAQ scores and biological treatment were statistically significant (P o 0.001 for both) as well as years since diagnosis (P ¼ 0.002). To conclude, a patient on biological treatment had 4.28 times the total costs and 6.44 times the direct costs of a patient without this treatment while controlling for other variables (age, sex, time since diagnosis, etc.). Moreover, an increase in the HAQ score by 1 increased direct costs by 29% and total costs by 32%; each additional year of disease duration led to a mean increase of 13% in both direct and total costs.
Discussion
This article provides a description of the care and resource consumption for patients with RA grouped according to their HAQ scores (functional impairment) in the Czech Republic. The costs were divided into health care costs and costs attributed to productivity loss. Possible limitations of this cost-of-illness study were that out-of-pocket expenditures and productivity lost by families and/or friends (informal caregivers) relative to other societal costs of RA were not included. In terms of direct (medical) costs, we found HAQ scores and treatment with biologics to be significant predictors. Although these costs are poorly predicted by age, they can be reliably 
predicted by the amount of time since diagnoses. In terms of overall costs, we found that HAQ scores, treatment with biologics, age, and age 2 (all led to increasing cost) should be taken into account when predicting the extent of these costs. Moreover, we found that productivity costs were significantly higher for patients with higher HAQ scores (Table 3) . Within our study, productivity costs represented 18.9% of the total costs (whole cohort study group), with 36.6% in patients without biologic treatment and 14.2% in patients on biological agents (Table 6 ). These percentages are lower compared with findings in some articles that describe the percentage of productivity costs to be up to 75% of total costs [5, 6] . This difference was mainly linked to the methodology we used, because we calculated productivity costs according to the friction cost approach, which produces different results than does the human capital approach. From the societal perspective, we find the friction cost approach to be a more suitable approach for describing productivity loss from a macroeconomic point of view compared with the human capital approach, which tends to focus on the microeconomic perspective [16] .
One limitation of our productivity costs calculation was that only absenteeism was studied (short-and long-term absenteeism and early retirement expressed as a full or partial disability pension); no presenteeism was assessed. There is still, however, a lot of debate on how to describe productivity loss in monetary values [22] .
Next, an issue that should be stressed in our study is that costs directly related to RA were included, with the exception of osteoarthritis. It was almost impossible to distinguish whether resources consumed should be attributed only to RA or to its directly related comorbidity, osteoarthritis. Even though there are other comorbidities that are prevalent in those with RA, for example, metabolic syndrome [23, 24] , costs associated with the treatment of cardiovascular diseases and other comorbidities were not included.
In conclusion, the results from our study provided useful inputs into health-economic modeling of cost-effectiveness within the diagnosis of RA, particularly in the Czech Republic.
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